INTRODUCTION
In a highly informative article with a catchy phrase embedded in the title, "Nations within a nation," providing estimates of 333 diseases and 84 risk factors from different states of India, covering the period from 1990 to 2016, it has been reported that CVD and diabetes accounted for 15.9 and 8.9% of the disability-adjusted life years respectively. 1 Diabetes is highly prevalent and is potentially an epidemic in India with more than 62 million individuals diagnosed to have type II diabetes. 2, 3 Diabetic state poses serious problems with microvascular and macrovascular complications. There is a strong relationship between CVD and diabetes, CVD accounting for most of the mortality and morbidity among type II diabetic patients. Adults with diabetes are two to four times more likely to die from heart disease than adults without diabetes. At least 68% of the diabetic people in the age group 65 years or older die of heart disease and 16% die of stroke. 4 Haffner et al 5 stated that patients with type II diabetes without a previous history of myocardial infarction have the same risk of CAD as nondiabetic subjects with a history of myocardial infarction. However, this claim has been challenged by subsequent studies. A systematic review and metaanalysis showed that patients with diabetes without prior myocardial infarction have a 43% lower risk of CAD as compared with patients without diabetes with previous myocardial infarction. 6 A population-based prospective cohort analysis concluded that all diabetics should not be considered to be at a risk equivalent to that of patients having prior CAD. 7 The increased risk of CVD in diabetics is thought to be due to hyperglycemia and the consequent intracellular metabolic changes resulting in oxidative stress, low-grade inflammation, and endothelial dysfunction. Generally, diabetics have associated comorbidities like obesity, hypertension, and dyslipidemia, which contribute to an increased risk for CVD. 8 The benefit of lowering blood sugar levels in diabetics has been well established in the UK Prospective Diabetes Study trial. 9 With a number of antidiabetic drugs available now, it has become necessary that cardiologists get themselves familiar with antidiabetic drug classes that have cardiovascular benefits. 10 In view of this complex issue of diabetic treatment and cardiovascular risk, regulatory agencies have made it mandatory to produce evidence based on adjudicated outcomes from clinical trials that there is cardiovascular benefit or that the risk of cardiovascular harm is low for all new glucose-lowering therapies before a drug is made available, and usually also require a postmarketing cardiovascular safety trial.
SODIUM GLUCOSE COTRANSPORTER 2 INHIBITORS
The SGLT2 inhibitors have brought in some encouraging news, brightening up the field of the depressive reports of antidiabetic drugs in the past. Other drugs that have shown cardiovascular benefits are metformin, pioglitazone, and glucagon-like peptide-1 receptor agonists. The SGLT2 inhibitors are unique antidiabetic drugs, and by inhibiting SGLT2 in the proximal convoluted tubule prevent re-absorption of glucose and facilitate its excretion in urine. As glucose is excreted, its plasma levels fall leading to an improvement in all glycemic parameters, and this action is independent of the actions of insulin. Thus, the hypoglycemia risk is minimal.
Other effects of SGLT2 inhibitors are as follows [11] [12] [13] [14] [15] [16] ( Fig. 1 ):
• Sodium glucose cotransporter 2 inhibitor usage results in a reduction of body weight, and it is usually the visceral fat that is lost.
• Sodium glucose cotransporter 2 inhibitors reduce both systolic and diastolic blood pressure.
• Sodium glucose cotransporter 2 inhibitors increase high-density lipoprotein (HDL) by about 7 to 10%, low-density lipoprotein (LDL) by 7%, and reduce triglycerides by 2%.
• Uric acid levels are reduced by SGLT2 inhibitors.
• Sodium glucose cotransporter 2 is one of the determinants of glomerular hyperfiltration and SGLT2 inhibition offers nephroprotective action.
CLINICAL TRIALS OF SGLT2 INHIBITORS

EMPA-REG Outcome 17
In this study, 7,020 diabetic patients were randomized to receive 10 or 25 mg of empagliflozin or placebo once daily and were followed up for 3.1 years, for primary outcome of composite of death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke, and secondary outcome of primary outcome plus hospitalization for heart failure. More than 90% of patients had established CVD [myocardial infarction, cerebrovascular accident, peripheral arterial disease (PAD)], and they were on appropriate treatment for hypertension and dyslipidemia.
There was a statistically significant 14% reduction in primary endpoint, 38% reduction in cardiovascular death, 35% reduction in hospitalization for heart failure, and 32% reduction in death from any cause. The difference between empagliflozin and placebo was mainly driven by a significant reduction in death from cardiovascular causes, there being no significant difference in the risk of myocardial infarction or stroke. The cardiovascular benefits were seen early in the trial, and continued throughout.
One notable adverse event was an increased rate of genital infection with empagliflozin.
Empagliflozin reduced HbA1c significantly and was also seen to result in small reductions in body weight, waist circumference, uric acid level, and systolic and diastolic blood pressure with no increase in heart rate and small increases in both LDL and HDL cholesterol. The investigators of this study are of the opinion that cardiovascular benefits of empagliflozin are multidimensional. Apart from their effects on blood sugar, body weight, central adiposity, and blood pressure, they probably induce favorable changes in arterial stiffness, cardiac function, cardiac oxygen demand, cardiorenal effects, reduction in albuminuria, and reduction in uric acid.
EMPA-REG Outcome Substudy 18
In this substudy, 982 patients who had PAD treated with empagliflozin were compared with 479 patients of PAD receiving placebo. Those receiving empagliflozin had significant reduction in mortality, hospitalization for heart failure, and progression of renal disease and there was no increase in the risk of lower limb amputation. 
HTNJ
CANVAS Trial 19
This study had 10,142 participants with type II diabetes and high cardiovascular risk. Nearly 65% of them had CVD and were randomized to receive canagliflozin or placebo. They were followed up for a mean of 188.2 weeks. The primary outcome was a composite of death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke. Secondary outcomes studied were death from any cause, death from cardiovascular causes, progression of albuminuria, and the composite of death from cardiovascular causes and hospitalization for heart failure. The primary endpoint was reduced by a significant 14% in the canagliflozin arm. It also reduced the risk of the progression of albuminuria, the need for renal-replacement therapy, and death from renal causes. The points of concern were an increased risk of amputation, though primarily of toe or metatatrsal, and an increased risk of fractures. The authors proposed that improved glycemic control, lowering of blood pressure, decrease in intraglomerular pressure, reduction in albuminuria, and amelioration of volume overload offered by canagliflozin are probably the mechanisms responsible for cardiovascular and renal protection.
Results from the CANVAS Program 20
In this study, the efficacy and safety of canagliflozin were analyzed separately for the primary and secondary prevention cohorts enrolled in the CANVAS Program. There were 3,486 primary prevention participants and 6,658 secondary prevention participants. Canagliflozin reduced cardiovascular and renal outcomes in both the primary and secondary prevention groups, though authors cautioned about the use of canagliflozin in patients at risk for amputations.
Dapagliflozin 21
Dapagliflozin, like other SGLT2 inhibitors, has low risk for hypoglycemia, lowers blood pressure, decreases weight and waist circumference, and decreases albuminuria and serum uric acid levels.
A meta-analysis of 9,339 patients with type II diabetes and increased cardiovascular risk and received dapagliflozin had the following results. Overall population had a 23% lower risk of major adverse cardiovascular event (MACE) and patients with history of CVD had 20% lower risk of MACE.
Meta-analysis of SGLT2 Inhibitors 22
In a meta-analysis of 37,525 patients who received one of the seven SGLT2 inhibitors (canagliflozin, dapagliflozin, empagliflozin, ipragliflozin, luseogliflozin, tofogliflozin, and ertugliflozin), the study looked at the primary outcome of MACE: CV death, nonfatal myocardial infarction, and nonfatal stroke.
The key conclusions were: • Sodium glucose cotransporter 2 inhibitors significantly decreased MACE, cardiovascular death, and all-cause mortality.
• The risk of heart failure also decreased, but data were available only for empagliflozin.
• Sodium glucose cotransporter 2 inhibitor use was linked to significantly increased risk of nonfatal stroke.
• Cardiovascular results were driven largely by outcomes from empagliflozin reported from a single study, and more studies are needed to confirm these findings across the drug class
Sodium Glucose Cotransporter 2 InhibitorsClass Effect?
To date, three such drugs-canagliflozin, dapagliflozin, and empagliflozin-have been approved by international regulatory agencies for the treatment of type II diabetes. Impact on hospitalization for heart failure was similar in both CANVAS (with canagliflozin) and EMPA-REG OUTCOME (with empagliflozin) trials. This suggests their similarity in hemodynamic effects.
If one looks at the individual components of end points in the two trials, there are some differences. There was an increase in amputations in the CANVAS trial with canagliflozin, which is not fully explained, and it is noted that the European Medicines Agency has urged caution to be exercised for the class (in particular canagliflozin) in patients with previous foot complications. In EMPA-REG OUTCOME (with empagliflozin) trial, there was a statistically nonsignificant increase in nonfatal stroke rate.
The SGLT2 inhibitors do share some common features, but there could be some minor differences. Ongoing trials will probably clarify the picture.
SUMMARY
The effects of SGLT2 may be summarized as below:
Adverse Effects
• Urogenital tract infections are the most frequently noticed adverse events in subjects on SGLT2 inhibitors.
• The osmotic diuresis associated with SGLT2 inhibitor use also has the potential to cause volume depletion and orthostatic hypotension.
• The SGLT2 inhibitor use leads to a slight reduction in bone formation, and a rise in bone resorption markers.
• The SGLT2 inhibitors should not be used in patients with type I diabetes where its use is limited to clinical research studies. The Food and Drug Administration issued a warning about the risk of ketoacidosis occurring in the absence of significant hyperglycemia (euglycemic diabetic ketoacidosis) in patients with types I and II diabetes treated with SGLT2 inhibitors.
Glucose Lowering Effect
The SGLT2 inhibition in patients on insulin regimens results in further HbA1c reduction, lower insulin dose requirement, and greater weight loss, and there is no worsening of hypoglycemia. The SGLT 2 inhibitors usually reduce HbA1c by 0.7 to 1.0%.
Nonglycemic Effects of SGLT2 Inhibitor
23
• Elevations in HDL cholesterol and reduction in triglyceride concentrations along with a minor elevation of LDL cholesterol should not cause concern over CVD risk. The EMPA-REG OUTCOME trial has refuted this concern, along with the fact that SGLT2 inhibitor switches metabolism from carbohydrate toward lipid utilization, which moderately increases ketogenesis and low-density lipoprotein concentrations despite net lipid metabolic utilization.
• Blood pressure lowering: several factors are likely to be involved including changes in plasma volume and reduced arterial stiffness.
• Reduction in body weight induced by SGLT2 inhibitors:
the effect is seen mainly on visceral obesity. The SGLT2 inhibitors have neutral effects on the sympathetic nervous system. The SGLT2 inhibition does not increase heart rate despite the plasma volume reduction associated with the class.
• The SGLT2 inhibitor-mediated reductions in hyperfiltration would suppress markers of inflammation and fibrosis.
• Dapagliflozin has been shown to reduce C-reactive protein.
• Renal hemodynamic function and albuminuria: SGLT2 inhibitors reduce albuminuria by 30 to 40%, possibly based on reductions in intraglomerular hypertension.
• Uric acid: The SGLT2 inhibitor class of drugs has been associated with a 10 to 15% reduction in plasma uric acid levels. Beneficial effects seem to outweigh a small number of adverse actions of SGLT2 inhibitors. The glycemic and nonglycemic effects of SGLT2 inhibitors enumerated above probably explain the cardiovascular benefits imparted by these agents.
RECOMMENDATIONS
The American Diabetes Association 24 has recommended the following: "In patients with long-standing suboptimally controlled type II diabetes and established atherosclerotic CVD, empagliflozin or liraglutide should be considered as they have been shown to reduce cardiovascular and all-cause mortality when added to standard care. Ongoing studies are investigating the cardiovascular benefits of other agents in these drug classes."
CONCLUSION
Now that there are antidiabetic agents that offer glycemic control and, in addition, reduce cardiovascular events, the physician or endocrinologist or cardiologist has a responsibility to consider the use of these and avoid drugs that are likely to harm or offer no benefit.
It is probably appropriate to conclude "Current management of diabetes is characterized by opportunities and options, and not obstacles."
